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BACKGROUND OF THE IN VENTiON 

1. field of the Invention 

[0001 1 The present invention relates to an optica! else 
recording method, an optical disc recording apparatus 
and an optical disc, and particularly to an optica! disc 
recording method, an optical disc recording apparatus 
and an optical disc for jpre-fofitiatting of optica] disc with 
serial data including at feast address data by means of 
a groove. 

2. Description; of Related Art 

Optical discs tor data recording such as CD-R, 
D VD-R and DVD-RW store address information record- 
ed thereon If) advance by various methods, lor locating 
recording positions, in a CD-R disc; lor example, a 
groove is made wobble In accordance with a signal ob- 
tained by frequency modulation of the address ^forma- 
tion. However, when the groove is formed wobbling in 
accordance with the frequency modulated signal r .play- 
back operation is sensitive to the deterioration of C/N 
ratso and the recorded address information Is difficult to 
read reliably. 

in : order to avert this problem, such an optical 
disc mastering apparatus has been developed that 
makes the groove wobble In accordance with a signal 
•obtained by phase modulation of the address signal 
[GOQ4] However, on a disc generated by such an op- 
tical disc mastering apparatus, pointed portions are pro- 
duced in the grooves formed on the disc. As a result, in 
the case ot a phase-transition type optica! disc who reon 
data are recorded % chsnglnglocai crystal structure of 
the recording layer, there has been such a problem that 
deterioration of the recording layer originates at the 
pointed portions in the recording layer and spread the ra~ 
from, thus degrading the: disc performance gradually 

SUMMARY OF THE INVENTION 

£0005] The present invention provides an optica! disc 
recording method> an optical disc recording apparatus 
and an optical disc to solve the problems described 
above. An optical disc recording method according to a 
first aspect of the present invention Is a method of pre- 
formatting the optical disc by forming a wobbling groove 
on the optical- disc according to a phase modulation sig- 
nal obtained by phase modulation ot serial data which 
includes address information, whsrfcin.sueh a phase 
modulation signal Is generated as abrupt changes In the 
waveform thereof at phage transition points are re~ 
moved according to the serial data, tnerehy forming the 
wobbling groove in accordance with the phase; modula- 
tion signal. 

[00001 An optical disc recording apparatus according 



to another aspect of the present Invention is an optical 
disc recording apparatus which pfe-fcrmats an optical 
disc by forming a wobbling groove on the optical disc 
according to serial data which includes address War- 
s', matbn. and Is provided with a phase modulation circuit 
which germates a phase modulation signal of the serial 
data wherein abrupt changes in the waveform thereof 
at the phase transition points are removed .'according to 
the serial data, and means for causing the groove to 
to wobble according to the phase modulation signal 
[0007] According to the optical disc record in g method 
or the recording apparatus, since the smoothly wobbling 
groove is formed on the optical disc ; . stable performance 
of the optical disc can be maintained over an extended 
period of time. Further, .since the groove wobbles In ac- 
cordance with the phase rrKxiuiation signal, operation 
of the apparatus has immunity to deterioration of the C/ 
N ratio and recorded address informstlon can he read 
out reliably, 

■&o- |0QO8] An optical disc according to si ll another aspect 
o! the present invention Is an optical disc which has se- 
rial data including address information pro -formatted 
thereon by means of a wobbling groove. The groove Is 
formed to wobble In accordance with the phase modu- 
lation signal of the serial data wherein abrupt changes 
in the waveform at the phase transition points have been 
removed. 

p§0§] Consequently, the groove wobbles smoothly, 
and stable performance oHbe optical disc can be main- 
t&ined over an extended period of time. Further, since 
the groove wobbles in accordance with the phase rrcod[- 
ulaticn signal, operation of the apparatus is hardly a?- 
footed by deterioration of the C/N ratio and recorded ad- 
dfee'$ Information can be read out reliably. 

3$ [0010] Further; in addition to the solution of the prob- 
lems described above, the present invention provides 
an opticai disc recording method, ah optical disc record- 
ing apparatus, an optical disc and an opticai disc repro- 
duction apparatus that are capable of determining, from 

40 groove reproduction signal which of groove and land is 
being reproduced 

[0011] An optical disc recording method, according to 
still further aspect of the present 'Invention which solves 
the problem described above, corrsprisee pre-forrnatting 

*s an opticai disc by forming a wall surfaca on one ©id© of 
a groove on the optical disc in wobbling conjuration 
according to serial data which includes address Infor- 
mation, while adding a synchronization signal having a 
predetermined bit pattern to the serial data for discrim- 
inating land and groove, The w j aii surfaces on one side 
of the grooves are caused to wobble according to phase 
modulation signal, by removing abrupt changes in the 
waveform at the phase transition points thereby apply- 
ing phase modulation to the serial data including the 

& synchronization signal 

[0012] An opticai disc recording apparatus according 
to still another aspect of the present invention is an op* 
tlcal disc recording apparatus which pra-formats an op- 
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XkssA disc by forming wall surface on on e side of a groove 
on the optica! disc in wobbling configuration according 
to the serial data which includes the address informa- 
tion, and comprises a synthesize r circuit which synthe- 
ses the synch rotation signal which has a ptedeier- .f 
mined bit pattern tor discriminating land and groove, 
with the serial data, a phase modulation circuit which 
modulates the output of the synthesizer circuit into the 
phase modulation signal that has abrupt changes In the 
waveform thereof at the phase transition points being ? 9 
removed; ^i^'tTtd^fi'^.c^u$^g;|^---w^!E.$Uff^08S on 
one side of th© grooves to wobble according to the 
phase modulation signal 

[001 3] According tolte optical disc recording method 
and the recording apparatus described above, the (5 
smooth ly wobbling groove including the synchronization 
signal is formed on the wali surface on one side of the 
groove of ijhQ optical disc. This makes it possible to 
maintain stable performance of the optical disc over a 
long period of time. Also because tha groove is caused 
to wobble in accordance with the phase modulation mg- 
nal> the optical disc thus manufactured has high immu- 
nity to deterioration In C/N ratio and allows It to reliably 
read the address information which has been recorded. 
Fufther : as the groove reproduction signal correspond- 
ing to the synchronization signal has a. state inverted 
from that of land reproduction signal, detecting this sig- 
nal state allows it to know which one of land and groove 
is being reproduced. 

[0014] An optical disc according tostils another aspect so 
of the present invention has a groove of which wall sur- 
face on one side thereof wobbles according to serial da- 
ta which includes address information, while the serial 
data Includes synchronization signal having a predeter- 
mined bit pattern for discriminating land and groove. The M 
groove wobbles' In accordance with phase modulation 
Signal obtained by applying phase modulation to the se- 
rial data which includes the synchronization signal so 
that abrupt changes Irs the waveform thereof at the 
phase transition: points are removed. tfB 
[0015] As a result the waif surface on one side of the 
groove which includes the synch realization signal is 
formed to smoothiy wobble, and stable performance of 
the opsioal d;sc Is maintained over a long period of time. 
Also because the groove wobbles in accordance with; 4$. 
the phase modulation signal, the disc has high immunity 
to deterioration in the OfH ratio and allows it to reliably 
read the address information which has bean recorded 
Furthermore, as the groove reproduction signaroofr©- 
spending to the synchronisation signal has a state in- so 
verted from that of the land reproduction signal, detect- 
ing this signal state allows it to know which of land and 
groove is being reproduced, 

f0O16J An optical disc reproductionapparatus accord- 
ing to shl I another aspect of the present invention is an & 
optical disc reproduction apparatus which reproduces 
information recorded on -an optical disc by applying 
phase modulation to serial data : which indudes syn- 



chronization signarhavtng a predetermined bit pattern 
•for discriminating land and groove, and address infor- 
mation,. Into phase modulation signal which has abrupt 
changes in the waveform thereof at the phase transition 
points being removed so that wall surface on one side 
of a groove wobbles m accordance with the phase mod- 
ulation signal, and comprises a phase demodulation cir- 
cuit wh ich apples phase demodulation to tfia groove re- 
production signal extracted from reproduction signal of 
an optical head, and a fand/g roove discrimination circuit 
Which determines which of land and groove Is being re- 
produced by the optical head, by checking the pattern 
of the synchron^ation signal included in the output of 
the phase demoduiaiipn circuit; 
[001 7J The land/groove discrimination circuit checks 
the pattern of the synch ron ization signal included In the 
output of the phase demodulation circuit and determines 
which, land or groove, is being reproduced, thereby to 
control the polarity inversion of a polarity Inversion sir* 
cult. Thus, a laser beam doss not corhe off the track 
even In such a situation as the groove is mproduc®<$ 
from the land or the land is reproduced from the groove, 
so that data recorded on the land and the groove can 
be followed and reproduced. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[001 3| These and other objects and advantages of the 
present Invention wiii become clear from the following 
description with reference to the accompanying draw- 
ings,, wherein: 

Fig. 1 is a block circuit diagram showing an optical 
disc mastering apparatus 1 of the prior art; 
Fig, 2 Is a signal waveform diagram of the optical 
disc mastering apparatus 1 : of the prior art shown in 
Fig. 1; 

Fig. 3 is a block-circuit diagram of a master optica! 
disc recording apparatus TOO which is an applica- 
tion of the present invention; 
Fig. 4 is a drawing which shows an example of the 
format of a data bit signal which is output from an 
address signal generator circuit 10; 
Fig. 5 is a signal waveform diagram for explaining 
the master optical disc recording apparatus 100 
shown in Fig 3, 

f ig. 6 is a block circuit diagram showing an embod- 
iment of a phase modulation circuit 14; 
Fig, 7 is a timing chart for explaining a memory con- 
trol circuit 22; 

Fig, 8 is a waveform diagram showing basic wave- 
forms W1 Lhrough W8 of a phase modulation signal 
S4 recorded on a memory 20; 
Fig, 9 ss a schematic view which shows the position- 
al relationship between a master optical disc 19 and 
laser spots 17A, 178; 

Fig, 10 is a block circuit diagram of an optical dm 
reproduction apparatus for recording data on and 
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reading data fnom an optical disc manufactured with 
the- master optical disc recording apparatus: 100 
shown m Fig. 3; 

Fig. 11 A through Fig. 11 Care signal y^velorm dta- 
grams for explaining the opticas disc recording/re- 
production apparatus shown in Fig, 10; and 
Fig. 12is a block circuit diagram showing an em- 
bodiment of a land/groove discriminating circuit 44 
used in the optical disc r^ording/reprodyction ap- 
paratus shown H Fig;. 10, 

DETAILED DESORPTiON OF THE PREFERRED 
EMBODIMENTS 

T0D19] Prior to detailed description of the preferred 
embodiments, an optical disc mastering apparatus of 
the prior art will dascribgd below with reference to 
the .acoompany?ng drawing. 

|0O30I Japanese Patent Kokai No, Hal 10-32073? 
discloses an opticaidise mastering apparatus which 
causes a groove to wobble in accordance with a signal 
obtained by phase modulation of address information. 
Fig. 1 is a black t^agrarn of the optical disc mastering 
apparatus 1 described in this pubiieatiofL 
[0021] A wobble dala generator ci rcuit 6 generates 
wobble data '( ADI P) which includes address information 
and outputs it to a wobble data signal generator circuit 
7, The wobble data signal generator circuit 7 comprises 
a master dock generator circuit 7A, frequency dividing 
circuits 7S, 70 £ a biphase mark modulation circuit 7C 
and a phase modulation circuit 7E In the wobble data 
signal generator circuit 7, biphase mark modulation is 
applied to the wobble data {ADI P} whkfrt has been input 
thereby to generate a channel signal (eh) by the biphase 
mark modulation circuit 7C C with the Channel signal (ch) 
being furtherphase-moduiated by the phase modulation 
circuit 7E thereby to output a wobbie signal {WBl The 
wobble signal; (WB) output is fed via a drive .-circuit 5 to 
an optical head 4. The optical head 4 moves a laser 
beam L in the: radial : direction of a disc according to the 
output level o? the .wobble signal (W8j, thereby to ex- 
pose the portion: to sight and form a wobbling groove on 
a master optical disc 2. 

{0022} jn the opticas disc mastering apparatus T, be- 
cause the groove -'wobbles sn accordance with fb&: phase 
modulation signal;, the optica! disc thus manufactured 
has high immunity to deterioration in the C/N ratio and 
allows \i to reliably read the address information which 
has been recorded thereon, 

[Q023] However : in the optical disc mastering appara- 
tus i described above, since the wobble signal (WB) Is 
a slgnalvvhbh has been obtained simply by phase mod- 
ulation of the channel signal {ch) as shown in Fig. 2, the 
signal waveform thereof is abruptly inverted'at a phase 
tmnsfen point p where the channel signal (ch } changes 
from "0 - to 3, l K or from s -1 * to V*> thus naturally resulting 
In m abrupt change (pointed por tipn) m the wobbling 
curvs of the groove on the disc at the corresponding po- 



rtion An the cam of a phase-tmnsition ; type optical disc 
such as . CD-RW and DVD-BW whereon data are record- 
ed by changing the local crystal structure of the record- 
ing layer, as described previously there is such a draw- 

£ back that deterioration of the recording layer originates 
at the pointed portions and sprsad therefrom, thus de- 
grading the disc peilormanee gradually when the 
groove is caused to wobble simply in accordance with 
the phase modulation signal 

w £00^4] Hereinafter, one embodiment of the present in- 
vention wl!} be described with reference to the aceom- 
panying drawings. Fig. 3 shows an embodiment of the 
optical disc recording apparatus according to the 
present invention, wharein a master opticai disc reeord- 

i$ Ing apparatus 100 which makes a master optical disc 
18 which is used in manufactuhng single spiral land/ 
groove recording discs (hereinafter called single spiFa! 
disc) whereon iands and grooves are connected alter- 
nately to each othsr for every predetefrnlned angle (for 
every fu il circle in this embodiment) with data recorded 
on both the lands and the grooves, In order to obtain a 
large storage capacity. 

[0025] An address signal generator circuit 10 gener- 
ates a 7S-bit data bit signal SO which includes address 
information and outputs it to a biphase modulation circus! 
11 .. According to this embodiment the dais bit signal SO 
has a format shown in Fig, 2 comprising 1 byte ot sector 
information, 4- bytes of address data (ID data), 2 bytes 
of error detection code {EDO) and 3 bytes of reserved 

si' area. The data bit signal SO is not limited to this format, 
and may have any format as long as the address infor- 
mation such as time and frame in sormat Ion is snoluded. 
[082SJ The biphase modulation circuit 11 applies bh 
phase modulation to every hit (turning M • to "01 s and 

'$s. "0° to °10 ■) of the data bit sigha! SO in order to disenrm 
inate a synchronization signal S2 to be added to the 
head later and the data bit signal SO. Because of ihe 
biphase modulation, output (biphase signal St) of the 
biphase modulation circuit 11 never has such a bit pat* 

4 & tern as three or more consecutive Ms ars all a Vor * Q* , 
[002?] A synchronisation signal generator circuit 12 
generates the synchronization signal 82 wfrch includes 
such a bit pattern which does not exist In the biphase 
signal S I as three or more consecutive bits are all *t* 

4 § of -0- Further in the apparatus of this embodiment: In 
order to make it possible to determine which of the land 
and the groove is being reproduced by the taser beam, 
the synchronization signal generator circuit IE gener- 
ates the synchronization signal S2 comprising a bit pa}- 

$P tern qt 0 1 1 1 GG01 H which allows it to detect the phase 
thereof ."A signal synthesizer circuit 13 receives the bi- 
phase signal Si and the synchronization signal 32 as 
inputs and outputs a channel bit signal S3 {serial data): 
comprising the synchronisation eigne! B2 added to the 

s$ start of the biphase signal SI (refer to Fig r 5} 

[O02S| The phase modulation circuit 14 constitutes 
the most characteristic pant of the present Invention; The 
phase modulatbn circuit 1 4 receives the channel bit sig- 
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ml S3 and a master clock f which is output from arnsster 
clock generator circuit 26 as inputs : and outputs phase 
modulation signal S4 o? the channel bit sighaf.SS where- 
In abrupt changes in the v^vefonri thereof at the phase 
transition points are removed (refer to Fig- 6). According 
tpths apparatus of this embodiment, in particular output 
{avef of the phass. modulation signal 84 Is maini ained 
substantially constant during a pradstefrnined length of' 
time including the ph&setTansltiorr point p aitfte center 
thereof, that is an Interval T/E (T is the basic period) in 
th:s embodiment The basic psr loo T of the phase mod- 
ulation signal 34 is set so that the frequency (1/T) is 
higher than the frequency band of the tracking seryb^igr 
nai and lower than the frequency band of the data re- 
corded on and reproduced from the optical disc, so as 
not to cause adverse effect to the recorded'reproduesd 
data and the tracking servo system. 

The phase modulation signal $4 comprises a 
combination of eight kinds of basic waveforms W1 
through W3 which correspond to thme consecutive bits 
of the channel bit signal S3 as shown in Fig, 8, 
[0O30| Bask: waveform Wl wh ich corresponds to 3-bit 
data *0OO" cons^s of four eydes of sinusoidal wave 
having period of I Basic waveform W2 which corre- 
sponds to 3-bit data v 1 GO ft has such a waveform as the 
output is kept atth© maximum positive level during the 
first Interval of 174 of the basic waveform Basic 
waveform W3 wh ich con es ponds to 3-bit data K 0Q1 * has 
such a waveform as the output Is kept at the maximum 
negative level during the ^asi intervai of T/4 of the basic 
waveform W1. Basic waveform W4 which corresponds 
to 3-bit data *10f " has such a waveform as the output 
is kept at the maximum positive : level and the maximum 
negative level: during the first and the last intervals o? 1/ 
4 f respectively, of the basse waveform W1 ... 
[0031 ] Basic waveform W5 which corresponds to 3-bit 
data "011 " has such a waveform which m the inversion 
of the basic waveform W1 and the output thereof is held 
at the maximum negative level during the first interval 
174. Basic waveform WS which corresponds to 3-bit data 
*11t* has a waveform which is the inversion of the .basic 
waveform W1. Basic waveform W? which corresponds 
to 3-bit data *110 M has such a waveform which k the 
inversion of the basic waveform W1 and the output 
thereof' is held at the maximum positive level .during the 
fast interval T/4. Basic waveform W8 which corresponds 
to 3-bit data "010 15 has such a waveform which is the 
inversion of the basic waveform W1 and the output 
thereof is held at the maximum negative .level and the 
maximum: positive (avel during the first and the fast in- 
terval of T/4, respectively 

[00S&J Fig. 6 shows an example of the phase modu - 
lation circuit 14 which generates the basic waveforms 
Wi through WS, The frs^uency dividing circuit 21 di- 
vides fh© master clock i which is output from the mastar 
dock generator circuit 28 and outputs a frequency divi- 
sion clock I/25S. A shift register £G consists of three D- 
type fl ip-fiop circuits 20A through 2Q0 : and converts the 



channei bit signal S3 which is serial data output from the 
syhtbes&er circuit 13 into 3-bit parallel data according 
to the f requenoy division ckxkf/258 and outputs the par- 
allel data to a memory control' circuit 22, ■ 
& [0003] The memory control circuit 22 has an S-bfl 
counter 22A and a fetch; circuit 22B incorporated therein. 
The counter 2SA counts the pulses of the master clock 
f, while being reset to zero with the changing timing of 
the output of the shift register 20 (3-bli paraffei data On) 

^ as shown In Fig. 7. Since the counter counts th a fre- 
quency-division ciocK f/266, the output thereof is ..Jfcttft 
parallel data each representing from 0 to 255:, 
10034} The latch circuit 22B latches the 3-bflouf put of 
the shift register 20 and the S-bit output of the counter 

75 £2A. according to the master clock and outputs the 
3-bit output of the §hift register 20 to the address termi- 
nals of memory 23 which con espond to ths three most 
significant bits and the a-bif output of the countar 22A 
to the addrass terminals of memory 23 which corre- 

£° spend to the least significant sight bits 

[0035] The memory 23 stores 8-bit sampling data of 
the sight basic waveforms WI through W8 sampled at 
258 point s In eight segments of the address area divided 
in correspondence to the most significant 3 bits. That is, 
sampling data of the basic waveform WI is stored in ad- 
dress area I "0000— 0" - "0001— r, sampling data. of 
th^ basic waveform W2 is stored in address area 2 
"0010—0" - "0011— r. sampling data of the basic 
waveform W3 is stored in address area 3 °0100— 0 K - 

3s "0101—1" : sampling data of the basic waveform W4 is 
stored in address area 4 *01 10—0" - B 01 11 — f\ sam- 
pling data of the basic waveform W5 is stored In address 
area 5 "1000—0* - *J 00 '1>«4*, ■ sampling data of the 
basic waveform W6 is stored in address araa 6 

55 ^1010— 0 £ ' - MG11— r f sampling data of the basic 
waveform W7 Is stored in address area ? "1100— 0" - 
!! 1 101 — r\ and sampl ing data of the basic waveform s WS 
is stored in address area 8 "1110—0* "'U11— 1°. 

Accordingly, the memory 23 outputs the sam- 

^ piin^ data of the basic waveform corresponding to the 
consscuffve "3-bit parailei data On of the chshhei bit sig- 
nal S3 in synchFon^ation with the counting, up of the' 
counter 22A 

{®m?l The sampling data of the bas^c waveform 
4S which is read from the memory 23 Is sequentially con- 
verted by a 0/A converter circuit 24 Into analog signal 
of which unwanted high frequency components are cut 
off by a low-pass f&er{LFFJ 25 thereby generating the 
phase modulation signai 84. 
so |003Sj The phase modulation slgnai S4 is led as a 
wobble signal used for wobbling the grooves, vis a drive 
circuit 15 to an optical head 16 that constitutes means 
for wobbling the grooves. 

[0039] \n the apparatus of this embodiment, in order 
^5 to know which of the iand 73 and the groove 72 of the 
single spiral disc m being traced by the laser beam dur- 
ing recording or r^prcducttqn of data, such a wobbling 
groove 72 must be formed as the wall surtace oniy on 
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the side nearer to the center of the disc wofcbies as 
shawn in Fig; 9. For this reason t the optical head 18 
emfts first and second laser beams 17 A, 178 onto the 
disc su rface so that light spots 1 8A, 1 8B always oveh&p< 
while causing only the fifgt laser beam 17 A to move in 
the radM direction of th.0 disc, according, to the phase 
modulation Signal 84 describes* above As the means 
for poiarmng the laser beam/a piezoelectric element a 
rotating mirror, an optica! polaf&er or the like is used, 
£0040] Th^ master optscai disc 18 is driven : by a spin- 
dle motor 27 to rotate at a predsterminsd spssd : arid & 
moyed fay & teed mechanism 28 in a hon^pntal direction 
at a very low speed with a high accuracy, to change the 
radial positions of the light spots 1 8 A, 1 SB over the disc. 
The master opt^al disc 1§ is coated on the top surface 
of the glass substrate 70 thereof with a photosensitive 
material (photoresist) 71. 

[0041 ] As a result, when the laser beam 1 ? A is moved 
according to tha wobble signal S4 : the photc^nsitiyfi.. 
film 22 on the master optical disc 1:9 is exposed to light 
only on the portion where the wobbling grooves of splrai 
confsgufgiian ar^tofo^fefrned This exposure is^rned 
out Intermittently for every revolution olthe disc in order 
to farm the single spiral disc , 

{0042] The master optical disc 19 exposed to light as 
described abovs Is subject to a mastering process sim- 
ilar to that of the prior .art, including; development with 
an specif led developer -solution to dissolve the exposed 
portion (corresponding to the groove), thereby to form 
a stamper, and phase transition optical: discs are mass- 
produced based on the stamper. This process Is well 
known and therefore detaiied dsscrEption thereof will be 
omitted. 

fQS43] Nowan optical disc record in ^reproduction ap- 
paratus 200 that records on and reproduces from the 
phase transition optical discs, that has been mass-pro- 
duced, various data including computer data, audio in- 
formation and visual Information will bo described below 
by taking reference to Fig. 10. The- optical disc record- 
ing/repmductidn apparatus 200 is designed to record 
data on and reproduce data from the phase transition 
optica! disc 30 which has single spiral configuration. 
£0044] The optical disc 30 is driven by the spindle mo- 
tor 2B to rotate.. The optical head 31 emits a laser beam 
32 onto the optical disc 30 and increases the power of 
the laser beam 32 when recording, thereby recording 
data by changing the crystal structure of the recording 
layer of the optical disc SO locally. When reproducing the 
data recorded on the optical disc 30, power of the laser 
beam 32 w decreased, 

[OD4$3 A reco?xiing/reproductlon circuit 33 carries out 
various signal pocsssing operations such as adding an 
error correction signal, interleaving and modulation on 
the reco-ding data suppled f rom an external apparatus 
(not shown) in cooperation with the memory 34 1 and out- 
pyts the signalto the ppticai head 31, The recording/ 
reproduction circuit 33 also carries out various signal 
proceeding operations such as error correction, de-ln- 
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tedeavlng: and demodulation on the reproduced signal 
which is read from the optical disc 30 by ihe optical head 
31 , andoutputs the signal as reproduced data to the out- 
side of the apparatus 

{004$} The optical head 31 outputs a focus error sig- 
nal (Foj which indicates the focusing condition orthe ia^.- 
ser beam 32, and a push-pull signal (P-P) which indi- 
cates the tracking condition in the torm ot difference be- 
tween two parts of the reproduction signal divided in the 
tracking difeotion v A focus control circuit 35. upon input 
of the focus error signal, controls the focusing of the [a- 
ser beam: 32. The push-pull signal {P-P} is used tor ex- 
tracting a tracking error signal (Tr)' by means of a low 
pass filter (LFF) 3B to allow a tracking control circuit 37 
to control the tracking condition of the laser beam 32 
according to the tracking error signal. Output of the 
tracking control circu it 37 is ted via the polarity Inversion 
circuit SS tothe optscai head 31 In orderto make possible 
to invert th^ servo signal polarity thereof. 

The push-pull signal (F-P) which is output from 
the optical head 31 is used by a hand pass filter (OFF) 
circuit 39 to extract the groove reproduction signal 
(phase modulation signal). An edge detection eireu it 40 
detects the edge of the groove reprocuction signal, and 
the PLL circuit 41 compares the phaee between the out- 
put signal of the edge detection circuit 40 and the inter- 
nai master clock, A spindle control ci rcuit 42 controle the 
spindle motor 31 so that the disc 30 rotates always at 
the predetermined speed according to the output of the 
PL..L circuit. 

{0048] The groove reproduction signal which is output 
from the band pass filter circuit 39 is Input to the phase 
demodulation circuit 43, and Is demodulated into, a 
channel bit signal 88,; A biphase demodulation circuit 44 
demodulates the channel bit -signal S3 into data hrt sig- 
nal which includes the synchronl^atian signal. A syn- 
chronization signal detection circuit 46 detects the syn- 
chronization signal included in the channel bit signal 
which Is output from the phase demodulation circuit 43> 
and outputs synchronization signal position information 
to an address reading circuit 45, The address reading 
circuit 45 reads the 8-blt sector information and the 
32-bit address data (ID data), which have been de- 
scribed previously, from the data hit signal o! the hi- 
phase dernoduiai ion circuit 44 and feeds the data to the 
recosdlng/reproduction circuit SS/accofding to the syn- 
chronization signs! position information. 
[&04§| in the apparatus of this embodiment, in order 
to reproduce data recorded on the single spiral disc 3D 
whereon the lands and the grooves are connected al- 
ternately to each other, condition of tracing of the laser 
beam 32 over the land 73 is monitored thereby carrying 
out polarity inversion control ot the tracking servo signal 



[Q0S0] in orde r to achieve the object desc ribed above, 
the channel bit signal S6 output from the phase demod- 
ulation circuit 43 is further fed to the land/groove detec- 
tion circuit 47. As described above, wail surface 72A on - 
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ly m the disc eenterslde of the grove 72 formed on the 
optieat d&c 30 wobbles. As a result, as shown in Fig. 
11 A trough Bg, 11C , when the raser beam 32 (beam 
spot 32A) traces tha groove 72, output S5 of the band 
pass f ilter drduft 39 has the same phase as the phase 
modulation signal S4 during fabrication of the master 
disc.:;buf:#1en the laser beam. 32 traces: the land 73 5 tha 
output 85 of the band pass filter circuit 39 becomes the 
inversion of the phase modulation signal S4 during fab- 
rication of the master disc, . Therefore, it is made possible 
to determine Whether the laser beam 32 is tracing the 
groove 72 or the land 73, by demodulating the phase 
mocfclatiors signal 84 and checking the patte rn of the 
synchronization signal inctuded in thed^mpciuiatedsi^ 
rial 

[O0S1] Fig. 12 shows an example of the iand/groove 
discrimination circuit 47^ The output S6of the phase de- 
modulation circuit 43 which has been input is converted 
to binary data consisting of K H M and ' V by a binary can- 
version circuit 50 (refer to Figs J 1 B ; 11 0} and is Input to 
the pattern detection circuits Si A, 518. The pattern de- 
tection circuits 51 A, 51 8 comprise shift registers and 
various gate circuits, and determine whether the data 
which has been taken \fi agrees with the synchronization 
pattern "011 1GQQI* which is Identical with the synchro- 
ni^atbn signal $2 described above or a bit pattern 
"10001110" which Is an inversion of the former, at the 
timing of taking in the synchronisation signal according 
to the sync gate signal which Is output from a timing err- 
putt 52. 

[QQ&2} An UG discrimination circuit 53 controls she 
polarity Inversion circuit 33 based on the result outputs 
of the pattern detection circuits 51 A, 5 1 B and, when the 
outputs of the pattern detection circuits B1 A and 51 B in- 
dicate agreement f H* } and disagreement (X a }, re* 
specrrvely. ills judged that the laser beam 32 Is tracing 
the groove 72 thereby controlling the polarity inversion 
circuit 38 to pass the signal (through state};. I n this case, 
the laser beam: 32 is ssfvo-oontrolled by the tracking 
control circuit 37 to track the groove 72 As the disc ro- 
tates so tnat the outputs of the pattern detection circuits 
51 A and 51 B indicate disagreement (*L*) and agree- 
ment fH*% respectively, it is judged that the laser beam 
32 has entered the statue of tracing the land 73, thereby 
contoiiing : the polarity inversion circuit 38 to invert the 
signal. In this case, the laser beam 32 is servo-control- 
led by the tracking control circuit 37 to track the [and 73 
In case the outputs of the pattern detection circuits 51 A 
and SIB are in a combination other than the above tor 
some reason, the L/G discrimination circuit 50 leaves 
the polarity Inversion circuit 38 as it is, namely does not 
control it 

At a time of transition when the tracing by the 
laser beam 32 moves from the groove 72 to the land 73, 
or from the tend 73 to the groove 72 as the disc rotates, 
there occurs such a time Interval as the polarity of the 
tracking sorvo signal is inverted. However, since' the 
tracking servo system is unabie to respond during this 



interval, the laser beam will never be displaced to the 
adjacent land or track 

[00S4J The pfesentlhvention Is not limited to the em- 
bodiment described above, and it will be apparent that 

$ the Invention may be embodied in various other forms 
without deviating from the scopes set forth In claims of 
ih Is patent application. For example, the master optical 
disc recording apparatus described above makes a 
master disc for single spiral discs, but may also be 

to adapted to make a master optical disc tor writing record- 
e^reproduced derta either oh the lands or on the 
grooves only It naturally follows that -the invention is not 
limited to the configuration of wobbling the wail su rface 
only on one side of ths groove, 

?* fOOSS] Also in the apparatus of the embodiment de- 
scribed above, the output level oi the phase modulation 
signal is he ld at the maximum positive or maximum neg- 
ative ievel during an interval of 172 {7 is the basic period) 
Including the phase transit Ion point pat the center there- 

*0 of, in orderto preventthe groove from making an abrupt 
change in the wobbling curve, but the invention Is not 
limited to this configuration. 

[O0S6J in particular,: while such a configuratkin as 
shown in Fig, 8 Is employed where sampling data of the 

£5 basic waveforms W1 through WS corresponding to the 
value of consecutive 3 -bit data of Ihe channel bit signal 
S3 is stored In the memory and the sampling data read 
f rom the memory is converted Into analog data thereby 
generating the phase modulation signal, but the inven- 

so- Won is not limited to this circuit configuration . For exam- 
ple, output level o! the phase modulation signal may be 
held by an S/H circuit during an Interval of 7/2 Including 
the phase transition point at the center thereof. 
pG&T] Alternative ly, i nstead of holding the output lev- 

35 of the phase modulation signal, such a configuration 
may also be employed lhat the channel bit slgnatS3 is 
phase-moduisted by a known phase modulation circuit 
as described in Japanese Patent Kokal No, Hel 
1 0-320737, with the phase modulation signal hek\g fed 

40 to a low-pass fitter thereby generating a phase moduta- 
tion signal having waveform of which abrupt changes at 
phase transition points have been removed. 
[G05S] According to an aspect of the Invention, such 
an optical disc can be provided that has stable perform- 

4£ anee maintained over a long period of time and high im- 
munity to deterioration In the O/N ratio and allows it to 
reliably read the address Information recorded thereon. 
Further, It is made possible to determine whether land 
is reproduced or groove Is reproduced by means of 

£0 groove reproduction signal 

|0059] While there has been described what are at 
present considered to be preferred embodiments of the 
present invention, it will be understood that various mod- 
ifications may he made thereto, and it is intended that 

&s the appended claims cover afi such modlf Ications as fail 
within the true spmi and scope of the invention. 
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Cfesms 

1, An optical disc recording method comprising the 
step of having a groove of an optical disc wobble In 
accordance with a phase modulation signs! ob- 
tained through phase modulation of serial data in- 
eluding address Inforrrtatiorv to pre-format the opt i~ 
caidisc, 

said method f urther comprising the steps of 
generating the phase modulation signal with abrupt 
changes m the waveform thereof at phase transition 
potnt&bejing removed in accordance with said serial 
data, and making said groove wobble in accordance 
with said phase modulation signal 

g. An optical disc recording method according: to claim 
1, wherein output fevsi of the phase modulation sJg- 
nai is held substantially constant lor a predeter- 
mined period of tim© indudiiig said phase transition 
point at the center thereof. 

3. An optical disc recording method according tociaim 
t, wherein data of a plurality of basse waveforms 
constituting said phaee modulation signal .fo stored 
in a memory, data ot one of said plurality of basic 
waveforms corresponding to lhs serial data Is read 
from the memory, and the data of said basic wave- 
form having been read Is converted to analog data, 
thereby generating said phase modulation signal. 

4. An optical disc recording apparatus for p re-for mat- 
ting an optics! .disc by having a groove of the opticas 
disc wobhfe h accordance with aerial data including 
address informat;orf,; comprising: 

a phase moduiatfon circuit for generating phase 
modulation signal with abrupt changes In she 
waveform thereof at phase transition points be- 
ing removed in accordance with said serial da- 
ta; and 

groove wobbling mean $ for making said groove 
wobble sn accordance with said phase modula- 
tion signal. 

5. An optica! disc recording apparatus according to 
claim 4, wherein said phase modulation circuit 
holds output level of the phase modulation signal 
substantially constant for a predetermined period of 
tiros Including said; phase transition point at the 
center theraoL 

8, An optical disc recording apparatus according to 
claim: 4, wherein said phase modulation circuit com- 
prises a memory for storing data of a plurality of ba- 
sic waveforms constituting said phase modulation 
signal, a memory control circuit for reading data of 
one of said plurality of basic waveforms In accord- 
ance with the serial data, and a D/A converter circuit 



for converting the basic waveform data read from 
the memory to analog data. 

? t An optical disc being pre-formattad with senai data 
5 by means of wobbling groove, said serial data ink 
dutiirtg address information, wherein said groove is 
made. wobble In accordance' with phase modulation 
signal of said serial data of which abrupt changes 
in the waveform thereof at phase transition points 
to are removed.. 

8. An optical disc according to clasmj, wherein output 
(eve! of said phase modulation signal is held sub- 
stantially constant for a predetermined period of 

?s time including said phase transition point at the 
center thereof. 

9. An optical disc fecordlng method comprising the 
step of having a wall surface on one side of a groove 

^ of an optical disc wobble in accordance with serial 
data including address Information to pre-forrnal the 
■optical disc, wherein: 

said serial data includes a synchronisation 
signal having a predetermined pattern for detecting 

2& a [and and the groove, wh ile said serial" data Includ- 
ing the synchronization signal Is modulated fntoa 
phase modulation signal with; abrupt changes In the 
waveform thereof at phase transition points being 
removed, and the wall surface on one side of the 

50 groove is made wobble; In accordance with said 
phase modulation signal. 

10. An optical disc recording apparatus for pfe-format - 
ting an opt lea i dssc by having a wall surface on one 
side of a groove of the optical disc wobble in ac- 
cordance with serial data including address 'Infor- 
mation, said apparatus comprising; 

a synthesizer circuit for synthesizing a synchro- 
's nidation signal having a predetermined pattern 
for discriminating a land and the groove, with 
said serial data; 

a phase modulation circuit for modulating out- 
put ot said synthes&er Circuit into a phase mod- 
•4$ ufafbn signal with abrupt changes in the wave- 

form thereof at phase transom points being re- 
moved: and 

groove wobbling means for making the wall sur- 
face on one side of said groove wobbia in ae~ 
■so cotdancB with said phase modulation ejgnM; 

■1 1 , An optical disc whereon a wait surface on one side 
of a groove wobbles jn accordance with serial data 
including address Information, wherein: 

$$ 

said seriaidata Includes a synchronisation sig - 
nal having a predetermined pattern for discr sm- 
inatlng a land and the groove; and 
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said groove is macfe wobble fa accordance with 
phase modulation signal of said serial data in- 
cluding said synchronization signal of : which 
abrupt change© in the waveform thereof at 
phase transition points are removed. s 

12, An optical disc .reproduction apparatus lor repro- 
ducing dam from an optical disc, on which a. wail 
surface on one sid^ of a groove wobble formed ther- 
eon Irs accordance wfth phase modulation signal *e 
phase-moduiatedaerlatdatainciudinga synchroni- 
zation signal having a predetermined pattern -tar 
discriminating a land and a groove and address in- 
formation, thereby to generate said phase modula- 
tion signal with abrupt change in lha waveform 
thereof si phase transition points being removed, 
said disc rap roductton apparatus comprising: 

a phase demodulation circu.it for phas@<temod- 
wlating a groove reproduce ion signal extracted ^ 
from a r^roduption signal of an optical head; 
and 

a land/groove discrimination .circuit for cheek- 
ing pattern oftheaynchronization signal includ- 
ed in the output of the phase demodu Nation cir- 
cu it, and for determining which ot the land and 
the groove is subjected to be reproduced by the 
optical head. 

13. An optfea] disc reproduction apparatus according to so 
claim 12 : further comprising: 

a tracking control circuit for applying servo con- 
trol for tracking of the optical head; and 
a' polarity inversion circuit: for inverting the po- 
Janty ot a tracking servo .signal according to the 
output of said jand^groova discrimination cir- 
cuit; 
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